ya.

/—7

» Los Alamos
NATIONAL LABORATORY
————— (37.0%4) ~

LA-UR-19-24119

Approved for public release; distribution is unlimited.

Title:
Author(s):

Intended for:

Issued:

E1039/SpinQuest Polarized Drell-Yan Experiment at Fermilab

Jen, Chun-Min

2019 APS April, 2019-04-13/2019-04-16 (Denver, Colorado, United
States)

2019-05-06




Disclaimer:
Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by Triad National Security, LLC for the National
Nuclear Security Administration of U.S. Department of Energy under contract 89233218CNA000001. By approving this article, the publisher

recognizes that the U.S. Government retains nonexclusive, royalty-free license to publish or reproduce the published form of this contribution,
or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests that the publisher identify this article as
work performed under the auspices of the U.S. Department of Energy. Los Alamos National Laboratory strongly supports academic freedom
and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its

technical correctness.



+ SpinQuest Target : Arthur’s talk

+ SeaQuest Spectrometer : Me

E1039/SpinQuest Polarized Drell-Yan

Experiment at Fermilab

Chun-Min Jen
on behalf of the SpinQuest (E1039) Collaboration




Fermilab Dimuon Spectrometer: Fixed Target Drell-Yan
(E605 / 772 / 789 / 866 / 906)
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1) Fermilab E772 (proposed in 1986 and completed in 1988)
"Nuclear Dependence of Drell-Yan and Quarkonium Production”

2) Fermilab E789 (proposed in 1989 and completed in 1991)
"Search for Two-Body Decays of Heavy Quark Mesons"

3) Fermilab E866 (proposed in 1993 and completed in 1996)
"Determination of d / Ratio of the Protonvia Drell-Yan"

4)Fermilab E906 (proposed in 1999, wiHrant264+6-2613)

"Drell-Yan with the FNAL Main Injector" dQOOW]W]iSSiO“ i" spri“g 20 1 8

Fermilab E1039 (proposed in 2013, will run in 2019-2021)
Now, it’s commissioning (fall 2018...)
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Rich Physics Extracted from First Polarized Drell-Yan at FNAL

O LT et 0 ) IE | Drell-Yan Target Single-Spin Asymmetry
AN — 1 1 s pp'ld") = ppX.4< Mp.; <9GeV
O, +0, 0.4 R e

-
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e SpinQuest opportunities:
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% Sea Quark Sivers (low-X, < 0.5) =
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Sea Quark Sivers from global fits

1612.06413, M. Anselmino et al

0.04 -~

Precise SpinQuest data helps further o /\ |

constrain sea quark Sivers! 0
Systematics uncertainties are critical in

high-precision measurements!
(See Arthur’s talk) y ' “r
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three PDFs used to describe K and/or S™ar

three transversal quantities are three PDFs are

(1) nucleon’s transversal spin (S"r); e (1) + (2) : Transversity

(2) quark’s transversal spin (S9r); e (1) + (3) : Sivers function

(3) quark’s transversal momentum (Kdr) * (2) + (3) : Boer-Mulders function

four types of Drell-Yen experiments at FNAL are as follows:

 polarized-beam & polarized-target Drell-Yan : Transversity (E10xx)

e polarized-target & unpolarized-beam Drell-Yan : Sivers function (E1039)
* polarized-beam & unpolarized-target Drell-Yan: Sivers function (E1027)

» unpolarized Drell-Yan : Boer-Mulders function (E605, E772, E789, E866, E906)



= Nucleon Spin
= Quark Spin

three transversal quantities are
(1) nucleon’s transversal spin (Sr);
(2) quark’s transversal spin (S9r);

(3) quark’s transversal momentum (K9r) - “off-diagonal” terms

Quark polarization

Un-Polarized Longitudinally Polarized  Transversely Polarized
1Y - (
U H= ) hy==1 Q«’)
UU=Teven /‘3{ Boer-Mulder T'UxT 44
N\
L g1=( - (“L/‘*}f Iy LA - (=
HQIIClty TL-= even
ELT=Teven | | :
s hr=(1) - CD
7| fir =) - @ 1 )\ A franeversity )\TT== even
i §it " =(e) - (\*-:/J L ,
Sivers - hl’r - '\\': ) = &‘f )
UT=TOdd LT=Teven Pretzelosity
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More TSSA Measurewments (11)
TSSA: Transversal Single Spin Asymwetry

Transverse Single Spin Asymmetries A,
1 : Left

g, -0
=2 L
O, +0,

...... Right
Theory Expectation: Experiments:
Small asymmetries at high energies 7GS. AGS. FERMILAB to RHIC
(Kane, Pumplin, Repko, PRL41, 1689-1692 (1978) ) ’T i
pp — T+ X A, ~ 0(107) observed
A x—= A, ~ 0{10%) theo -
' \' S v 010%) v Vs =5~ 500 GeV

large TSSAs up to 407 are observed in light hadron-production over a wide range of beam energies (10-104) at
forward Xr (>0.9) region, where fractional momentum of transversally polarized nucleon is within 0.1 and 0.5.



More TSSA Measurewments (11)
TSSA: Transversal Single Spin Asymwetry

RHIC 20,000 GeV bearr;I<
e ' mesons 00007 mq
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ANL L ’ ( ) PLB264, 462 (1991)

Q.50

00 0.2 0.4‘0.6_0_.5 1.0 ﬁxed target
PRL36, 929 (1976) ( a

> Perturbative cross section

Non-Perturbative cross section

asymptotic freedom > new physics beyond SM




Two Possible TSSA Mechanisms

three transversal quantities are
(1) nucleon’s transversal spin (S"r);
(2) quark’s transversal spin (S9r);

(3) quark’s transversal momentum (Kdr)

Sp

initial-state QCD
Ky,

P ::

Orbital Angular Momentum?

(1) + (3) PRD41 (1990) 83; 43 (1991) 261

TSSA measurement in polarized DY
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three PDFs are
e (1) + (2) : Transversity
e (1) + (3) : S1vers function

* (2) + (3) : Boer-Mulders function

Sp

final-state QCD
(1) + (2) Nucl. Phys. B396 (1993) 161



Theory: K; vs Collinear Factorization

* Tran. Mom. Dep. Funs

— Sivers Fun
— Collins Fun
' X
#o' (pp _.h+x)a'/x N 7 f(q,q, 9,4,) ﬁ(z
dx,dx,dz Ko 2 \" p”/’

e Twist-3 collmear

— Quark-gluon correl.
— Gluon-gluon correl.

Ay 1

TMDCollinear/Twist-3

SpinQuest also sheds light on gluon Sivers!

11



« field: 5T @ 1K

« elliptical: 1.9 cm x 2.1 cm (x,y), :7.9 cm (2)
« p:0.87 g/lcm3 NH;

« packing fraction: 0.6

« dilution factor : 0.176

« Polarization <80%>

« IL:8.6%

« 3 active cells, 1 empty

* Helium consumption 100 I/day

Polarized
Target

T ol T
Fixed Target'Bearmliffes

10% of available beam to SeaQuest
/ 90% to neutrino program

« 2.7-1072 p/spill, duty cycle: one 4s spill/minute
« kinematic range 4 <M <9 GeV
« luminosity: 3-10%° /cm?/s (NHj;)
« s =15GeV
* move polarized target ~2m upstream
— improves target-dump separation
— moves acceptance to lower x,

L, =1.82*10%?/cm2 NH; for 2 years

Ref: Andi Klein (LANL)

Target
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SeaQuest Spectrometer

Mass =7.0GeV X= 0, .2, 4

station 1

Bend plane view
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Drawing: T. O'Connor
and K. Bailey
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2018 fall - 2019 sumwmer
E1039 SpinQuest (No)-beam Commissioning

installation 1s now ongoing;
expect initial BEAM commissioning in this summer;

expect brief commissioning in fall and production data taking by the end of this year;
2 year of data taking (Dec. 2019 - Dec. 2021)
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